We describe three previously unreported superconductors, BaPb 3 , Ba 0.89 Sr 0.11 Pb 3 and Ba 0.5 Sr 0.5 Pb 3 . These three materials, together with SrPb 3 , form a distinctive isoelectronic family of 
Introduction
The crystal and electronic band structures of a material are two of the most important factors that influence its electronic properties. In terms of superconductivity, the large majority of studies focus on tuning a system within the same crystal structure through changing the electron count. This allows one to vary the density of states at the Fermi level and the topology of the Fermi surface and has been documented many times. For simple binary metallic alloy superconductors, for example, Matthias rules, based on a rigid band picture of d-orbital filling, relate electron count and superconducting transition temperatures 1,2 , while for more complex superconductors such as the cuprates or the pnictides, the Fermi surface topology and its changes with electron count are at the center of most discussions about the mechanisms for superconductivity 3 .
Crystal structure also plays a key role in the properties of superconductors. High crystal symmetries appear to favor conventional superconductivity 4 while for high temperature superconductors, structural motifs such as layers of Fe-As tetrahedra or CuO 4 squares are important 5, 6, 7 . While it is relatively easy to tune electron count in a given material, it is much more difficult to find a system where the crystal structure can be systematically varied while maintaining the same electron count and electronically-active elemental constituents. The most common method for doing so is via the application of pressure, which compresses crystal structures, changing the interactions of atoms' atomic orbitals and therefore their hybridization, and, as a consequence, the electronic bandwidth, the Fermi surface, and the electron-phonon coupling. Pressure can also sometimes drive a structural phase transition -in the case of CaFe 2 As 2 , for example, a collapse of the tetragonal c axis under pressure has been associated with the destruction of superconductivity 8, 9 . In superconductors like the pnictides and the cuprates, the spacer layers between isoelectronic electronically active layers can be varied and the impact on the superconductivity tested 5, 6, 7 .
Examples of structural families that maintain atomic ratios, electron count, and electronically active elements while systematically varying the crystal structure are rare. The most well-known structurally evolving family of this type may be the ABO 3 cubic to hexagonal oxide perovskites.
Depending on the ionic size ratio of atoms involved, different types of packing of the transition metaloxygen (BO 6 ) octahedra, and the associated oxygen layers, are found 10 . In the SrRuO 3 to BaRuO 3 series, for example, the crystal structure gradually evolves from cubic packing on the Sr-rich side to more hexagonal packing on the Ba-rich side 11 -Sr being a smaller A site ion than Ba. Between the purely cubic structure and the purely hexagonal structure, various ordered combinations of cubic and hexagonal 3 packing are found when Ba and Sr are randomly mixed and the average size of the atom on the A site is varied. When, in addition to the Ru, a second metal is also permitted, the possibilities for different ratios of cubic to hexagonal stacking appear to be endless. Unfortunately, superconductivity is not known to exist in this family.
In contrast, in intermetallic compounds such Perovskite-like structural evolution is extremely rare. It has been shown to exist, however, in the SrPb 3 -BaPb 3 , SrSn 3 -BaSn 3 and BaSn 3 -BaBi 3 families 12, 13, 14 (they are intermetallic perovskites with the "B" site empty) where an evolution from cubic to hexagonal packing has been observed as a function of the size of the atoms (i.e. Sr and Ba) on the "A"
site. Because some such materials are reported superconductors 15, 16, 17 , the one relevant to the current work being SrPb 3 reported to superconduct below 1. 85 K 18,19 , these compounds potentially offer a unique opportunity for the systematic study of superconductivity within a structural family without changing the electron count or the chemical character of the elements involved (Sr and Ba are in the same column of the periodic table). Fig. 1 shows a schematic drawing of the structural evolution of the SrPb 3 -BaPb 3
intermetallic family compared to an analogous family of oxide materials. In SrPb 3 and SrRuO 3 , the □Pb 6
or RuO 6 octahedra are connected by sharing corners, resulting in a cubic (or tetragonal or orthorhombic, depending on octahedron tilts) structure. With increasing fraction of the larger Ba ions, face sharing of the octahedra is introduced, and, eventually, this becomes the primary structural motif seen in BaPb 3 or BaRuO 3 . The Pb or O arrays change from cubic packing to hexagonal packing in the two pure end members. Between the end member compounds, the cubic packing (corner sharing of octahedra) and hexagonal packing (face sharing of octahedra) are both present, depending on the average size of the atoms, yielding distinct compounds that exhibit different crystal structures. The structural ordering in this kind of family is denoted by the sequence of corner sharing (c) and face sharing (f) octahedra in the crystal structure. For example in Fig. 1(b Powder x-ray diffraction measurements were performed using a Bruker D8 Advance Eco, Cu K α radiation (λ=1.5406 Å), equipped with a LynxEye-XE detector. A kapton film was used to cover the powder samples to reduce air exposure during data acquisition. Magnetization measurements were performed using a Quantum Design Physical Property Measurement System (PPMS) Dynacool equipped with a VSM function. Samples were loaded in a plastic capsule inside of the glove box and quickly transferred to the machine for measurements. Both zero field cooled (ZFC) and field cooled (FC) data were collected. Heat capacity measurements were carried out in a PPMS Evercool II system by using a 2relaxation method. Due to the presence of filamentary superconductivity from remnant Pb, electrical resistivity data were not considered reliable and are not reported.
Band structure calculations were performed using the full-potential linearized augmented plane-wave method with local orbitals (LAPW+LO) and the Perdew-Burke-Ernzerhof generalized gradient approximation (PBE-GGA) exchange-correlation potential, as implemented in the WIEN2k package 21 .
Scalar-relativistic (without the spin-orbit coupling, SOC) and relativistic (including SOC, with relativistic local orbitals added for all atoms) calculation results are presented, to highlight the importance of the spin-orbit interaction in the electronic structures. In all cases, calculations were done using the experimentally determined crystal structures 12 . 
Results
The powder x-ray diffraction data for our samples of the members of the The nature of the superconductors was further characterized by temperature dependent specific heat measurements (Fig. 4) . The T c s are determined from the commonly employed equal entropy criterion (shown by dashed lines in Fig. 4 heat jump ratios α is presented in Figure 5 .
With the application of external magnetic field, the superconducting transitions are broadened and the T c s are suppressed. The critical fields needed to suppress the superconductivity are relatively low for the end members: only 40 Oe is required to suppress the T c below 1.8 K (the lower temperature limit of our magnetization measurements) for SrPb 3 and 100 Oe for BaPb 3 . For the middle two members in the series, however, it takes a significantly larger magnetic field to suppress the superconductivity. The critical magnetic field at 1.8 K is around 1 kOe for both Ba 0.89 Sr 0.11 Pb 3 and Ba 0.5 Sr 0.5 Pb 3 . Given very similar T c and γ values, the difference in critical field value may originate from a difference in their anisotropic superconducting gap structure 28 . Figure 6 shows the computed densities of states (DOS) for all the materials in the family (a-d
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shows the scalar-relativistic results, e-h and i-l shows the relativistic ones), and Figure 7 shows the electronic band structures and Fermi surfaces (FS) for the end-member compounds, SrPb 3 and BaPb 3 .
The values of DOS at the Fermi level are shown in Table 1 . In SrPb 3, (Fig. 7a ) two bands with Pb-p character, parabolic-like in the vicinity of the A-point in the Brillion Zone, cross the Fermi level, resulting in two pieces of Fermi surface (Fig. 7b-c) . The shape of the Γ -centered one with flat planes is quite similar to the one of the Fermi surface pieces in elemental Pb (Fig. 7d ) and is not affected by spin-orbit coupling. The second part of the Fermi surface also resembles that for Pb, consisting of tubes centered along M-X, X-R, and Z-R. This part of the Fermi surface is more sensitive to SOC -in the calculations with SOC included it changes into series of pockets associated with a pseudogap that opens in the M-X-R-Z directions.
In BaPb 3 , in contrast, three bands cross the Fermi level (Fig. 7e) , resulting in three sheets of Fermi surface (Fig. 7f-g ). The first piece is electron-like and consists of two cones centered at the T point of the Brillouin Zone. It is associated with a parabolic-like band in the B-T-C plane, which becomes linear along the trigonal axis (the Γ-T direction). The second piece of the Fermi surface consist mainly of two pockets -one centered at the Γ point and another centered at the T point, associated with a band similar to the first one in the vicinity of the T point. These first and second bands are degenerate at the T point. A third, hole-like piece consists of two flat pockets centered along the trigonal axis (but not at the Γpoint) and six half-rings connected to each other. Only the first, cone-like sheet of FS is not sensitive to the spin-orbit coupling, the two remaining ones are strongly affected by SOC.
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It is worth noting here the similarities between the band structures of SrPb 3 and BaPb 3 around the A (and T) points, which are not accidental. This is because the A point is located on the diagonal of the tetragonal BZ of SrPb 3 , which becomes the trigonal axis in the rhombohedral unit cell of BaPb 3 , where the T-point is found. Both of these directions are related to the real-space Pb-layers stacking direction (see. below).
The densities of states calculations show that when the SOC is included, a decrease in the DOS at the Fermi level occurs (see , Table 1 ). Although the DOS functions change overall when the Sr to Ba ratio is varied, the (SOC-included) DOS values at the Fermi level remain fairly constant in the series.
Assuming that the electron-phonon (e-p) interaction renormalizes the electronic specific heat, the magnitude of the e-p interaction can be estimated by comparing the band-structure-calculated value of 
Discussion
As previously described, Figure 5 shows the superconducting transition temperature, T c , electronic specific heat, γ, and specific heat jump ratio, α, as a function of hexagonal packing ratio. For both the T c and α values, there is a broad maximum in the middle of the series, a reflection of larger electron-phonon coupling. For comparison, the related material SrBi 3 has been identified as displaying enhanced electronphonon coupling 30 based on its α value, while, α is around 1.02 in BaBi 3 , much lower than the weak coupling BCS estimated value 15 .
Information regarding the chemical bonding and the role of the Sr/Ba atoms in determining the crystal structures of these materials can be obtained by an analysis of the charge density. In can see hexagonal-like charge density in these layers and also in the layers with shorter Pb-Pb distances (3.16 Å in both cases), where charge density is rather triangle-like.
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Finally, we note that a similar series, although previously unrecognized as such, also exists for 
